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REMARKS 

With this amendment, claim 1 has been amended. Support for the amendments is found 
in the existing claims and the specification as discussed below. Accordingly, the amendments do 
not constitute the addition of new matter. Applicant respectfully requests the entry of the 
amendments and reconsideration of the apphcation in view of the amendments and the following 
remarks. 

Rejection under 35 U.S.C. § 112, second paragraph 

Claims 1-5, 9, and 10 are rejected under 35 U.S.C. § 112, second paragraph as being 
indefinite for failing to particularly point out and distinctly claun the subject matter which 
applicant regards as the invention. 

The Office Action states that claim 1 is indefinite as it is not clear whether the salt 
concentration refers to the salt concentration of the buffer or the salt concentration of the firaction 
obtained firom the gel filtration column or both. 

Claim 1 has been amended to move the "wherein clause" fi:om line 8 to the "dissolving" 
step of lines 3-4. The clause has also been amended to: "salt concentration of the buffer " to 
clarify that the salt concentration recited refers to the buffer. Support for the amendment is foimd 
in the present specification at page 5, last 3 lines to page 6, line 2. 

In view of Applicants' amendment, reconsideration and withdrawal of the above groimd 
of rejection is respectfiiUy requested. 

Rejection under 35 U.S.C. S 103(a) 

Claims 1-5, 9, and 10 are rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Burdick, et al. (EP 0 393 744 Al) in view of Akane, et al. (Biotechniques (1994) 16 (2): 235, 
237, 238). 

Burdick, et al. teach isolation of nucleic acids firom a sample using PCR. However, 
Burdick, et al. do not teach either the claimed salt concentration or gel filtration. Akane, et al. is 
cited in to show the use of gel filtration in PCR as a means to remove degraded DNA. 
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First, claim 1 has been amended as discussed above to clarify that the salt concentration 
of 0.5 to 2 M refers to the salt concentration of the buffer as discussed above. Neither of the 
cited references teach the salt concentration of 0.5 to 2 M claimed by Applicants. 

It was previously argued that one of ordinary skill in the art would not attempt to use salt 
in the recited concentration range as it was well known that high salt concentration inhibits the 
activity of the polymerase and consequently, the PGR reaction. In support, Applicants provided a 
reference (Chien, et al. (1976) Journal of Bacteriology 127(3): 1550; Attachment A, resubmitted 
herewith), and directed the Examiner's attention to page 1554, left column, lines 13-15 from the 
bottom which teaches inhibition of polymerase by salts of a monovalent cation such as NaCl and 
KCl at concentrations above 100 mM. 

In the Response to Arguments under item 6 on page 9, the Examiner states that the above 

argument regarding inhibition of the polymerase is not persuasive : 

because Burdick teaches diluting the purified nucleic acid approximately 
10-fold before conducting PGR amplification (see column 14, lines 45-58). 
Therefore, when practicing the method suggested by the combined teachings of 
Burdick and Akane, optimization of the NaGl concentration to values within the 
claimed range (e.g. 0.5 M-1.0 M) would not result in a final salt concentration 
inhibitory to Taq DNA polymerase activity... 

AppUcants respond that since the salt concentration of 1.0 to 2.0 M (as well as 0.5-1.0 M) 
is included in the claimed range of claim 1 of the presently claimed invention., a 10-fold dilution 
would be in the range to inhibit Taq polymerase taught by Ghien, et al. That is, if a 1.0 M salt 
solution is diluted 10 fold, the result is a 100 mM salt solution which inhibits Taq Polymerase 
according to Ghien, et al. 

Regardmg the lower end of the range, (0.5- l.OM) lower dilutions, such as a 5-fold 
dilution, would inhibit. Accordingly, one of ordinary skill in the art would avoid the claimed 
range of salt concentrations because of the risk in inhibiting the polymerase as evidenced by 
Ghien, et al. 

The second argument put forward by AppUcants in the previous response pertained to the 
advantage of using a salt or salts to disrupt binding between DNAs and binding between DNA 

and proteins in order to extract the DNA from the cellular material and the DNA-protein 
complexes without the use of organic solvents such as ethanol and phenol/chloroform extraction 
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and without repeated centrifugation steps (as discussed in the specification at page 2, paragraph 2 
to page 3, paragraph 1). Such advantages could not previously be realized because the presence 
of the salt is a hindrance when subsequently performing the PGR reaction. Burdick, et al. rely 
upon both heat and salt to extract the DNA (col. 14, lines 35-40) and the salt concentration taught 
by Burdick, et al. is much lower than claimed by Apphcants. Burdick, et al avoid a higher salt 
concentration to prevent inhibition of the polymerase and the PGR reaction. Neither Akane, et 
al. nor Burdick, et al. teach removal of the salt after the DNA extraction and before performing 
PGR. 

Apphcants respectfully request reconsideration of this argument in light of the claim 
amendments. Glaim 1 has been amended to make clear that the salt concentration recited refers 
to the salt in the buffer as discussed above in response to the rejection imder 35 U.S.G. § 1 12, 2"^ 
paragraph. 

In response to the Examiner's comment that "the features upon which Applicant 
relies.. .are not recited in the rejected claims" (Office Action page 10, first full paragraph), Claim 
1 has been further amended to recite "removing PGR mhibitory substances by subjecting the 
heated solution to gel filtration". Support is found in the present specification at page 6, last 
paragraph. Accordingly, reconsideration of these arguments in hght of the amendments is 
respectfully requested. 

In the Office Action at page 5, last paragraph, the Examiner cites M.P.E.P. 2144.05 as 
teaching that "Generally, differences m concentration or temperature will not support the 
patentability of subject matter encompassed by the prior art unless there is evidence indicating 
such concentration or temperature is critical". Accordingly, Apphcants present herewith 
evidence of criticality for the claimed range of monovalent salt of 0.5 to 2.0 M. Please see the 
partial translation and original document of Uritani, I, et al., Biochemical Experimental Method 
22 in "Chromatin Experimental Method" (Japan Scientific Press), page 175, line 7 to page 179, 
line 28, November 30, 1988, submitted herewith as Attachment B. 

Chromatin is a complex of DNA and protein. DNA is known to exist in nuclei, bound to 
histone protein. 

In order to amplify DNA by PGR, it is necessary to separate the DNA from the histone 
proteins, so that the histones do not interfere with primer binding. As the salt concentration of 
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chromatin solution increases, the histone is separated firom DNA. hi the claimed method of the 
invention, a salt concentration of 0.5 to 2 M is critical to separate the DNA from the histone 
protein. 

Uritani, et al. (Attachment A) describes that 0.6 M NaCl dissociates histone from DNA 
(page 2, line 16 of the partial translation). Uritani, et al. (Attachment B) ftirther describe that 
with increase of NaCl concentration from 0.6 to 2.0 M, the histone dissociates from the DNA, 
with the result that the peaks (ring-current shifted peaks) appear in the region of 0 to 1 ppm (c to 
e in FIG. V-10; see page 8, lines 22-24 of the partial translation). 

Clearly, the claimed range of salt concentration is critical to the practice of the presently 
claimed invention in order to provide separation of the protein from DNA to be used for PCR. 

In view of Applicants' amendments and arguments, reconsideration and withdrawal of 
the above ground of rejection is respectftiUy requested. 

Rejection under 35 U.S.C. S 103(a) 

Claims 1-5, 9, and 10 are rejected under 35 U.S.C. § 103 (a) as being unpatentable over 
Miller, et al. (Nucleic Acids Research (1988) 16(3):1215), in view of Sparkman, et al. (Journal of 
Neurogenetics (1985) 2: 345-363) and ftirther in view of Goldenberger, et al. (PCR Methods and 
Applications (1995) 4:368-370). 

Although Miller, et al. describe a salting out procedure for extraction of DNA, Miller, et 
al. do not teach any of the steps of the claimed method as recited. 

Regarding "dissolving the sample in a buffer comprising at least one surfactant and at 
least one salt of a monovalent cation, wherein the salt concenfration of the buffer is 0.5 to 2 M", 
while Miller, et al. do teach adding a surfactant and a salt of a monovalent cation to the sample. 
Miller, et al. do not use a salt concentration in the same range as Applicants (0.5 to 2.0 M). 

Regarding, "heating the obtained solution at 80 to 100°C;" and "removing PCR inhibitory 
substances by subjecting the heated solution to gel filtration", Miller et al. do not teach any 
aspect of these two steps. Miller, et al. teach removal of protein by precipitation with NaCl, not 
heat. Miller, et al. teach that the isolated DNA samples are used for RFLP analysis, not PCR. 
Accordingly, Miller, et al. is not concerned with removing PCR inhibitory substances. 
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Finally, Miller, et al. do not teach "collecting a solution of a fraction containing nucleic 
acids" (emphasis added) as the fraction containing nucleic acids is collected as an ethanol 
precipitated pellet, not a solution. 

These deficiencies are not corrected by the secondary references. Sparkman, et al are 
cited for teaching a gel filtration step. However, Sparkman, et al. also are not directed to PGR, 
and do not teach or suggest "removing PGR inhibitory substances by subjecting the heated 
solution to gel filtration" as now claimed. While Sparkman, et al. do teach gel filtration, this 
reference is silent regarding any PGR considerations. Furthermore, Sparkman, et al. do not teach 
or suggest the use of a monovalent cation at a concentration of 0.5 to 2.0 M and heat of 80 to 
100°G to precipitate DNA. Rather Sparkman, et al. teach the use of organic solvents to isolate 
plasmid DNA (see page 349, "Isolation of plasmid DNA"). As in Miller, et al. above, Sparkman, 
et al. do not teach isolation of "a solution of a fraction containing nucleic acids" (emphasis 
added) as Sparkman, et al. teach precipitation with ammonium acetate/ethanol (see page 349, 
"Isolation of plasmid DNA"). 

Goldenberger, et al. teaches a method of exfraction of DNA for PGR using proteinase K 
and heat. However, Goldenberger, et al. do not teach the use of "salt of a monovalent cation, 
wherein the salt concenfration of the buffer is 0.5 to 2 M" and does not teach the use of gel 
filtration. 

Accordingly, the references taken together as a whole do not teach or suggest all of the 
elements of the claimed invention as none of the cited references teach the use of a salt of a 
monovalent cation at a concentration of 0.5 to 2 M which is a critical limitation. 

In the Office Action at page 8, the Examiner cites M.P.E.P. 2144.05 as teaching that 
"Generally, differences in concenfration or temperature will not support the patentability of 
subject matter encompassed by the prior art unless there is evidence indicating such 
concentration or temperature is critical". Accordingly, Applicants present herewith evidence of 
criticality for the claimed range of monovalent salt of 0.5 to 2.0 M.. Please see the partial 
franslation and original document of Uritani, I, et al., Biochemical Experimental Method 22 in 
"Ghromatin Experimental Method" (Japan Scientific Press), page 175, line 7 to page 179, line 
28, November 30, 1 988, submitted herewith as Attachment B. 
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Chromatin is a complex of DNA and protein. DNA is known to exist in nuclei, bound to 
histone protein. 

In order to amplify DNA by PGR, it is necessary to separate the DNA from the histone 
proteins, so that the histones do not interfere with primer binding. As the salt concentration of 
chromatin solution increases, the histone is separated from DNA. In the claimed invention, a salt 
concenfration of 0.5 to 2 M is critical to separate the DNA from the histone protein. 

Uritani, et al. (Attachment B) describes that 0.6 M NaCl dissociates histone from DNA 
(page 2, line 16 of the partial translation). Uritani, et al. (Attachment A) fiirther describe that 
with increase of NaCl concenfration from 0.6 to 2.0 M, the histone dissociates from the DNA, 
with the result that the peaks (ring-current shifted peaks) appear in the region of 0 to 1 ppm (c to 
e in FIG. V-10; see page 8, lines 22-24 of the partial franslation). 

Clearly, the claimed range of salt concentration is critical to the practice of the presently 
claimed invention in order to separate protein from nucleic acid in the sample. 

Also, Applicants again argue that one of ordinary skill in the art would not attempt to use 
salt in the recited concenfration range as it was well known that high salt concenfration inhibits 
the activity of the polymerase and consequently, the PGR reaction. In support, AppUcants 
provide the attached reference which was also provided in the previous response (Chien, et al. 
(1976) Joimial of Bacteriology 127(3): 1550; Attachment A). The Examiner's attention is 
directed to page 1554, left column, lines 13-15 from the bottom) which teaches inhibition of 
polymerase by salts of a monovalent cation such as NaCl and KCl at concentrations above 100 
mM. Accordingly, one of ordinary skill in the art would not have used salt of a monovalent 
cation in the claimed concentration range at the time of the claimed invention. 

As explained previously, the claimed method is based upon the use of a salt or salts to 
disrupt binding between DNAs and binding between DNA and proteins in order to extract the 
DNA from the cellular material and the DNA-protein complexes without the use of organic 
solvents such as ethanol and phenol/chloroform exfraction and without repeated centrifligation 
steps as discussed in the specification at page 2, paragraph 2 to page 3, paragraph 1. Although 
the method relies upon the salt to exfract the DNA, the presence of the salt is a hindrance when 
subsequently performing the PCR reaction and must be removed as a contaminant. Although 
Miller, et al. teach the use of relatively high salt to exfract the DNA, Miller, et al. do not provide 
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any means for removal of the salt after the DNA extraction and before performing PCR because 
Miller, et al pertains to RPLP mapping using restriction enzymes, not PCR. Without the removal 
of the salt, polymerase and the PCR reaction would be inhibited. However, this problem is 
addressed by Applicants by the use of a gel filtration step to desalt the sample so that PCR can be 
performed successfully. 

In view of Applicants' amendments and arguments, reconsideration and withdrawal of 
the above ground of rejection is respectfully requested. 

No Disclaimers or Disavowals 

Although the present communication may include alterations to the appUcation or claims, 
or characterizations of claim scope or referenced art, the Applicants are not conceding in this 
application that previously pending claims are not patentable over the cited references. Rather, 
any alterations or characterizations are being made to facilitate expeditious prosecution of this 
application. The Applicants reserve the right to pursue at a later date any previously pending or 
other broader or narrower claims that capture any subject matter supported by the present 
disclosure, including subject matter found to be specifically disclaimed herein or by any prior 
prosecution. Accordingly, reviewers of this or any parent, child or related prosecution history 
shall not reasonably infer that the Applicants have made any disclaimers or disavowals of any 
subject matter supported by the present application. 

CONCLUSION 

In view of Applicants' amendments to the claims and the foregoing Remarks, it is 
respectfully submitted that the present appUcation is in condition for allowance. Should the 
Examiner have any remaining concerns which might prevent the prompt allowance of the 
appUcation, the Examiner is respectfully invited to contact the undersigned at the telephone 
number appearing below. 
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Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Accoimt No. 1 1-1410. 



Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP 



Che Swyden Chereskin, Ph.D. 
Registration No. 41,466 
Agent of Record 
Customer No. 20,995 
(949) 721-6385 



Dated: 
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A stable deoxyribonucleic add (DNA) polymerase (EC 2.7.7.7) with a tempera- 
ture optimum of 80°C has been ptirified from the extreme thermophile Thermus 
aquaticus. The enzyme is free from phosphomonoesterase, pho^hodiesterase, 
and sin^e-stranded exonuclease activities. Maximal activity of <l»e enzyme 
requires all four deoxyrifoonucieotides and activated calf thymus DNA. An 
absolute requirement for divalent cati<m cofactor was satisfied by Mg** or to a 
lesser extent by Mn**. Monoval^t cations at concentrations as high as 0. 1 M did 
not show . a significant inhibitory effect. The pH optimum was 8.0 in 
fais(hydroxymethyl)aminomethane-hydrochioride buffer. The molecular weight 
of the Mizyme was estimated by sucrose gradient centrifugation and gel titra- 
tions on Sephadex GHOO to be approximately 63,000 to 68,000. The elevated 
temperattue requirement, small size, and lack of nuclease activity distinguish 
this polymerase from the DNA polymerases of Escherichia coli. 



Studies on the biosynthesis of deoxyribonu- 
cleic acid (DNA) in Escherichia coli during the 
last 20 years have contributed substantially to 
our knowledge of this fundamental cellular 
process in bacteria. The original enzyme DNA 
polymerase I, which was thought to be involved 
in DNA synthesis, has been porified and charc- 
terized in a series of studies reported by Arthur 
Romberg and his colleagues (2, 6, S-10, 16). 
These studies included such aspects as the 
physical and chemical properties of the purified 
enzyme, the primer-template DNA required for 
the reaction, the product DNA, and the reac- 
tion mechanisms of the polymerization of deox- 
yribonucleotides into DNA. 

In 1969 DeLucia and Cairns (7) discovered an 
amber mutant, PolA, of E. coli W3110 that 
appeared to lack DNA polymerase activity but 
synthesized DNA normally. The isolation of 
tliis mutant not only casts serious doubt on the 
role of DNA polymerase I in in vivo DNA repli- 
cation, but also pointed out Hie complexity of 
this cellular process. As a result, the discovery 
of this mutant led toihe search for other repli- 
cation en:;ymes, and two new polymerases have 
since been isolated and characterized (14, 15, 
19, 20, 31). 

In contrast to ttie extensively researched rep- 
lication phenomena in mesophiles, few atten^its 
have been made to isolate DNA polymerases 
from thermophiles (27). Thermophiles are ubiq- 
uitous in nature, and many prokaryotic species 
thrive at temperatures above 45°C. Attempts to 
explain the proliferation of life at temperatures 



that destroy most mesophilic cellular compo- 
nents have resulted in widespread investiga- 
tion in the last 25 years, with many of these 
studies focusing on protein structure. In this 
communication the ptttification and characteri- 
zation of a thermophilic polymerase will be dis- 
cus^ in relation to what is known about DNA 
polymerases firom mesophilic microorganisms. 
MATERIALS AND METHODS 
Strain. Thermus aquaticus YT-l 'used in these 
experiments was siqipUed by Paul Ray, Bttrrougha 
Wellcome. 

Culture medium. Cells were grown in a defined 
mineral salts medium containing 0.3% glutamic 
acid (which served as both a carbon and nitrogen 
source), which was supplemented with biotin and 
thiamin (0.1 mg/liter each) and nicotimc acid (0.05 
mg/liter). Hie salts included in 1 liter of medium 
were: nitrilotriacetic add, 100 rag; CaSO< -2HjO, 60 
Tag; MgSO<>7HjO, 100 mg; NaCl, 8 mg; KNO3, 103 
mg; NaNO,, 689 mg; ZnSO«, 5 m^, HjBOj, 5 mg; 
CaSO<, 0.16 mg; NaMoO< -2H»0. 0.25 mg; CoCU, 0.4 
mg; FeCla, 0.28 mg; MnSO^-HjO, 22 mg; and 
NaiHPOi, 110 mg. lie pH of the medium was ad- 
justed to &0 with NaOH. 

Growth conditions. Cells were grown initially in 
600-ml Erlenmeyer flasks at TS'C in a New Bruns- 
wick water bath shaker. When the cultures reached 
a density of approximately 170 Klett units, 1 liter of 
tjiese cells was transferred to 16-liter carboys, which 
were placed in hot-air incubators. In place of shak- 
ing, sterile air was bubbled Uirough the cultures, 
ajtid the temperature was maintained at 76°C. The 
cells were allowed to grow for 20 h before they were 
collected with a Sharpies continuous-flow centri- 
fuge. 
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I^%parati<in of enzyme extract. Subseijuent to 
collection, the cells were suspended in standard KP 
buffer (0.02 M potassium phosphate (pH 7-5J, 8% 
[vol/vol] glycerol, 0.005 M ethylenediaminetetraace- 
tate [EDTA], 0.01 M NaN^, 0.01 M KCl). The eelU 
were ruptured in a Branson 20-kc Magnetoatrictive 
ultrasonic oscillator, operated at 3.5 A for 45 s. The 
extracts were then spun in a Sorvall RC-2B centri- 
fuge at 17,300 X g for 20 min. Hie supemant fluid 
served as the crude extract. 

Protein determinations. Protein concentrations 
were determined by the method of Lowry et al. (23). 

Enzyme assays, (i) Duplicate DNA polymerase 
assays were carried out in disposable glass test 
tubes, Tte reactioa mixture (125 ftl) oontaiaed: 
tri8(hydroxymethyi)aminomethane (TriB)-hydro- 
chloride (pH 8.0), 25 mM; 2-mercaptoethaaol, 1 mM; 
MgClj, 10 mM; KCl, 25 mM; deoxyadenosine 6'- 
tripho8{*ate (dATP), deoxycyttiine 5'-triphoaphate 
(dCTP), deoxyguanosine S'-trifAosphate (d(JTP). 
and ^H-labeled thymidine S'-ttiphosphate 
(['HWTTP; specific activity, 38.8 mCi/mmoi), each 
0.15 toM; and activated calf thymus DNA (prepared 
by the method of Loeb et al. [22]), 12.5 /xg. After 30 
min of incubation at SO'C in sealed tubes, the assay 
was stopped by chilling the tubes in an ice bath for a 
few minutes. Samples of 100 yX went then pipetted 
onto 25-mm Schleicher and Schueil fdter paper disks 
and immediately dropped into ice-cold 10% trichlo- 
roacetic acid contaioins 0.1 M sodium pyrophos- 
phate for at least 1 h. This was followed by two 
changes of 5% tiichloFoacetic acid. The first change 
contained 0.1 M sodium pyrophosphate. Finally, the 
disks were run through 30-min washes in ether- 
ethanol (1:1, vol/vol), ether-ethanol (3:1, vol/vol), 
and eth er. Th e disks were air dried, and the amount 
of PmdTTP incorporated into an acid-insoluble 
product was measured in a Packard scintillation 
spectrometer with a 6% counting efficiency for 'H 
under these experimental conditions. One unit of 
enzyme is defined as the amount of en^Tue that will 
incorporate 10 nmol of PHldTTP into add-insolubie 
material at 80°C in 30 min. 

(ii) The exonuclease assays were conducted in a 
reaction mixture containing 25 mM Tris-hydrochlo- 
ride (pH 8.0); 1 mM 2-mercaptoethanoI; 10 mM 
MgCU; 12 f>f of »H-!abeled DNA prepared by the 
method of Reuben et al. (25), and approximately 
0.03 V of polymerase in a final volume of 126 ftl. 
After 30 min of incubation al 80°G, the tubes wet« 
chilled and the acid-lnsoluble material was meas- 
vaed by the filter paper disk method as described 
previously for the polymerase. Hie amount of acid- 
soluble counts released was uaed as a measure of 
exonudeese activity. 

(iii) Alkaline pho^homonoesterase activity was 
assayed in a reaction mixture containing 1 mM p- 
nitrophenyl phosphate, 0.1 M Tris-hydrochloride 
buffer (pH 8.0), and approximately 0.02 U of polym- 
erase in a final volume of 0.6 ml. After 20 min at 
SO^C, tte reactions were stopped by chilling the 
tubes and ihen adding 0.5 ml of 0.1 N NaOH. The 
formation ofp-nitrophenol was determined q>ectro- 
photometrically at 410 am. B. coU alkaline pha^>ha- 
tase was used as a control. In addition, the phospho- 



monoestcrase artivity was assayed in the standard 
DNA polymerase assay mixture. 

(iv) Alkaline phosphodiesterase I was assayed in 
a manner similar to that for alkaline phosphatase, 
except that 1 mM thymidine 5-monophospho.p-ni- 
trophenyl ester was used as a substrate. Phosphodi- 
esterase n activity was measured with 1 mM thymi- 
dine 3-monophospho-p-nitrophenyl ester as sub- 
strate and 0.1 M sodium succinate buffer, pH 6.5. In 
addition, botii substrates were assayed in the stand- 
ard DNA polymerase assay mixture. 

Polyacrylamide gel electrophoresis. Disc-gels 
were prepared by the method of Davis (6). The sepa- 
rating gel (8.0 by 0.5 cm) contained 796 accylamide, 
whereas the spacer gel (1.5 by 0.5 cm) contained 2% 
acrylamide. Electrophoresis in a Canaico model 66 
electrophoresis badi was carried out at room tem- 
perature in 2.5 mM Tris-1-9 mM glycine buffer (pH 
9.5) for 2.5 h at 2 mA. The gels were stained with 
0.1% Coomassie brillant blue in 7% acetic acid and 
subsequently destained by diflfusion in 7% acetic 
acid. For the recovery of the DNA polymerase activ- 
ity from the gel, the gels were prepared in exactly 
the same manner, except that there was a 1-h elec- 
trical prerun to remove ammonium persulfate, 
which inhibits the enzymatic activity of the polym- 
erase. Samples were then applied and electrophore- 
sis was continued. The gels were removed from the 
tubes, sliced into 2-mm disks, and placed directly 
into tubes containing the polymerase assay mixture. 
No additional process for the elution of tiie ensyme 
off gel was required since the incubation tempera- 
ture of the polymerase was 80°C. 

Sucrose graidient centrtfiigation. Purified DNA 
polymerase (fraction IV, 50 At!) and bovine serum 
albumin (BSA) (2 mg) were layered on a Itaear su- 
crose gradient of 6 to 20^. The gradient also in- 
cluded 0.01 M Tris (pH 7.5), 0.001 M EDTA. 8% 
glycerol, 0.01 M NaN„ and 0.5 M NaCl. Centrif- 
ugations were preformed in a Spinco SW50L rotor in 
a preparative Beckroan ultracentrifuge at 38,000 
rpm for 14 h at4°C. Fractions (0,2 ml) were collected 
from, the top of the gradient with an ISCO density 
gradient Cractionator. BSA was assayed for ab- 
sorbance at 280 nm, and the DNA polymerase was 
assayed by enzymatic activity. Approximate tnoleo- 
ular weight for the DNA polymerase was deter- 
mined by the method of Martin and Ames (24). 

Molecular weight estimation by gel nitration. A 
column (Phaimacia K 16/70) was packed with Seph- 
adex G-lOO that had been preequilibrated in stand- 
ard KP buffer containing 0.5 M NaCl and 0.01 M 
NaNj. The void volume was determined by using 
blue dextran, and three proteins of known molecu- 
lar weight were used as standards: BSA, 68,000; 
ovalbumin, 43,000; and lyaozyme, 14,300. The ap- 
proximate molecular weight of the DNA polymerase 
was determined in reference to a linear plot of the 
three standard proteins by the method of Andrews 
(1). 

Chromatographic procedures. All chromatogra- 
phy was conducted at room temperature. Pharmacia 
chromatographic columns (K9, 16, 16, SO) and acces- 
SOTies were used- Flow rates of 40 ml/h for diethyl- 
aminoetfayl 03EAE)-Sephadex and phosphocellulose 
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and 6 ml/h for DNA cellulose were maintained 
through the use of a Harvard multispeed peristaltic 
pump. Fractions were collected with a Biichner au- 
tomatic fraction collector. Hiosphocellulose (What- 
man grade P-1) was prepared by the method of Loeb 
(21), and the DNA cellulose was prepared by the 
method of Litman (18). 

Chemicals and reagents. Calf thymiis DNA type 
V, the four deoxyribonucleotides, pancreatic deoxy- 
ribonuciease (DNase), and BSA were purchased 
from Sigma Chemical Co. Ribonuclease (RNase) A 
and T, were purchased from Worthington Biochemi- 
cals Corp. The lysozyme and ovalbumin came from 
Schwarz^Mann. The radioactive isotopes PffldTTP 
and PHJthymine were obtained from Schwarz Bio- 
Research, and [»HIdATP was from New England 
Nuclear Corp. Chemicals and reagents for general 
use were of analytical grade and were purdiased 
from Fisher Scientific Co. 



RESULTS 

Purification of DNA polymerase from T. 
aguaticus. For the purification, crude extract 
was prepared from 16 liters of cells as described 
above. Fraction I, 176 ml of sonically treated 
crude ejctract, was placed on a DEAE-Sephadex 
A-50 column that had been equilibrated previ- 
ously with standard KP buffer. The column 
used was a Pharmacia KSO/60 with flow adap- 
tors and a set bed volume of 800 ml. A linear 2- 
liter gradient of O.OI to 0.4 M KCl was used in 
standard KP buffer. The DNA polymerase 
eluted at a salt concentration of approximately 

0. 15 M. The pooled fractions were dialyzed 
against standard KP buffer (fraction II) and 
placed on a phosphocellulose column with a set 
bed volume of 40 ml packed in a K15/30 Phar- 
macia column. The peak of activity eluted at a 
salt concentration of 0.15 M KCl in a 400-ml 
linear gradient (O.Ol to 0.4 M KCl in standard 
KP buffer). The pooled fractions were then di- 
alyzed against 1 mM Tris-hydrochloride (pH 
8.0) containing 1 mM ;8-tnercaptoethanol, 0.1 M 
NaCl, a% (vol/vol) glycerol, and 1 mM EDTA 
(fraction EH). After dialysis, 600 g of BSA per 
ml was added to the enzyme preparation. The 
inclusion of BSA in this step of purification is 
necessary since its omission results in complete 
loss of polymerase activity. The enzyme prep- 
aration was then loaded on a preequilibrated 
DNA cellulose coltmm and wa^ed with 4 bed 
volimies of Tris buffer containing 1 uiM. EDTA, 
B% (vol/vol) glycerol, 1 mM /3-mercaptoethanol, 
and 500 Mg of BSA per ml. The major peak of 
polymerase activity was eluted with 0.6 M 
NaCl. The peak fractions were pooled and 
dialyzed against KP buffer (fraction IV). A 
summary of Uie purification is shown in Table 

1. The specific activity effraction IV could not 



be determined due to the presence of BSA. At- 
tempts were made to remove the BSA (torn the 
en2yme preparation on phosphocellulose and 
were partially successfiil. The major problem 
was the loss of over 95% of the activity dur- 
ing the process; therefore, we used fraction IV 
for the characterization of the enzyme since it 
was stable at — 4°C for at least 3 months. 

Polyacrylamide gel electrophoresis. Since 
BSA had been added to the enzyme prepara- 
tion, we had no means of estimating the purity 
of the final enzyme preparation based on spe- 
cific activity. Therefore, to get an estimate of 
purity, polyacrylamide gei electrophoresis was 
carried out. The enzyme was first passed 
through hydroxylapatite, to remove contami- 
nating DNA eluted from the DNA cellulose, 
before it was loaded onto the gels. The results 
can be seen in Fig. 1, where BSA was run as a 
control (gel A). The enzyme preparation (gel B) 
was run in duplicate, since one gel was stained 
with Coomassie brilliant blue and ike other was 
sliced and assayed for polymerase activity 
(plotted below gel B). The peak of activity cor- 
responds to one of four major bands. Two of the 
four major bands appear to represent BSA, but 
it also should be mentioned tiiat protein con- 
taminants in the final preparation could mi- 
grate along with them and thus be hidden from 
detection. 

Contaminating enzyme activities. Fraction 
IV was tested for a number of possible contami- 
nating activities that might interfere with the 
DNA polymerase reaction. DNA polymerase 
(0.02 U per reaction tube) was assayed as de- 
scribed above for alkaUne phosphomonoester- 
ase and acid phosphodiesterases I and II. 
All of these activities were at background lev- 
els. 

Exonuclease assays were conducted as de- 
scribed previously, using single-stranded (heat- 
denatured) 'H-labeled X DNA as a substrate. 
Experimental conditions and the amount of ra- 
dioactive counts solubilized after 30 min of in- 
cubation are listed in Table 2. Only the pan- 
creatic DNase I control (assayed at 37°C) was 
shown to be effective in solubilizing the ='H- 
labeled A. DNA. Under these experimental con- 
ditions, the final enzyme preparation appears 
to be free from exonuclease activity in the pres- 
ence and absence of ATP. 

Temperature optimum. The effect of temper- 
ature on the catalytic activity of the enzyme 
can be seen in Fig. 2. The temperature opti- 
mum for the incorporation of f'HjdTTP into 
acid-insoluble material was 80»C. At this tem- 
perature, the amount <rf" incorporation was 10 to 
15 times greater than that which was measured 
at STC. This optimum profile may reflect melt- 
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Tasls I. Summary of the purification procedure" 



Fraction 


Vol (ml) 


Total polymer- 
aae activity 
(U> 


Total protein 


Yield of ac- 
tivity {%) 


Sp act (U/mg) 


PurificatioQ 
(fold) 


Crude 


176 


2,080 


975.0 




2.13 




DEAE-Sephadex 


210 


4.613 


197.5 


221 


23.3 


10.9 


Phosphoceilulose 


132 


1,900 


16.0 


91 


118.7 


SS.7 


DNA-cellulose 


63 


685 




33 







" One unit of polymerase equals the inoorporation «f 10 lunot of C'HJdTTP into acid-aoiubie material at 

ere in 30 tnin. 




slice no. 



Fig. 1. Gel deOrophoresUi^ptir^eden^me.Gd A, Electrophoresis of 26 fig of BSA<Utx>^ 
in2J mMTris-lS mid g^ftxae buffer (pH 9 JS). Gel B, Electrophoresis <^ SO td <^ fraction IV, which was 
stained, far protein. The graph below gel B represents a gel of a sise identical to that <tfB, uAich was subjected 
to electrc^jkaresis at the same time but was sliced and assayed for acHoity as described in the text. 



ing of the template since the melting tempera- 
ture of the DNA under these experimental con- 
ditions is 76°C. Thus, the decrease in catalytic 
activity above 8(fC may be due to the denatura- 
tion of the template rattier than the DNA po- 
lymerase since the enzyme has reduced activity 
with single-stranded DNA. 

pH optimum. The effect (rfpH on the activity 
of the enzyme with three different buffer sys- 
tems can be seen in Pig. 3. The pH optimtim for 
the en2yme is in the range <^ 7.0 to 8.0 but 
varies with the buffer used. Tlie highest activ- 
ify was fiMUid with Tris-hydrodiloride bu£fer, 
pH 7.8. The lowest activity occurred in potas- 



sium phosphate buffer, a situation which has 
been reported for mesophilic polymerases (16, 
29). 

Effect of divalent cations. This thermophilic 
DNA polymerase, like all other known polym- 
erases, has an absolute requirement for diva- 
lent cations. Optimal activity is obtained vrith 
10 mM Mg*+ (Fig- 4). Manganese was only par- 
tially effective and showed an optimum of 2 
mM. Calcium ion was completely ineffective 
(data not shown). 

Effect of monovalent cations. The addition 
of relatively low levels of KCa and NaCl stimu- 
lates ihe catalytic activity of the polymerase. 
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Table 2. Absence of single-stranded exonuclease 
specific activity 

Experimental conditions sd^ilteed 

Control (-DNA polymerase)" 0 

DNA polymerase 0 

DNA polymerase + 2 mM ATP 0 

RNase A" 0 

Pancrea tic DNase V 67.3 

" The reaction mixture contained 25 mM Tris- 
hydrochloride (pH 8.0), 1 mM 2-mercaptoethanol, 10 
mM MgCU, 12 of single-stranded 'H-labeled \ 
DNA, and approximately 0.02 U of polymerase in a 
final volume of 125 fi.1 The reactions, except where 
Otherwise stated, were nm for 30 min at 80°C. The 
percentage of acid-insoluble counts released was 
used as a measure of exonuclease activity. 

* Assayed at ZTC. 




FlO. 2. Effect of temperature on the activity of the 
DNA polymerase. DNA polymerase (0.02 U per aS' 
say) was incubated for 30 min in the standard reac- 
tion Mixture at different temperatures. Fractions 
were then taken, and the conversion, of [^HldTTP into 
acid-insoluble material was measured. 
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lecular weight of the purified DNA polymerase 
was determined by the method of Martin and 
Ames (24). The DNA polymerase activity peak 
corresponds to the optical density of the marker 
BSA (Fig. 5); this would indicate that its ap- 
proximate molecular weight is about 68,000. 

(ii) Gel filtration on Sephadex G-100. A 
Sephadex Gr-100 column was standardized and 
used to determine the molecular wei^t of the 
Dhf A polymerase as described in Materials and 
Methods. It can be seen in Fig. 6, plotting log 
molecular weight versus V,/V«, that the ap- 
proximate molecular weight is 63,000. 




Fig. 3. Effect of pH on ike activity of the DNA 
polymerase from T. aquaticus. DNA polymerase 
(O.OZ U per assay) was assayed in the standard 
reaction mixture with various buffers. The reactions 
were run at SOX! for 30 min, and corrections were 
made for the temperature coefficients of the various 
buffers used. Symbols: O, activity in 2S mM Tris- 
hydrochloride buffer; O, activity in 25 mM glycine- 
sodium hydroxide buffer, activity in 2S mM potas- 
sium phosphate buffer. 



The optimal concentrations of NaCl is 40 roM, 
whereas Uiat of KCl is 60 mM. Above 100 mM, 
both salts inhibit the activity of the polymer- 
ase. These data are in contrast to polymerase I 
of B. coll, whtdi is relatively insensitive to a 
high salt concentration but shows effects simi- 
lar to those seen with polymerase II (16). 

Requirements for DNA polymerase reac- 
tion. Various components of the reaction mix- 
ture were removed to see what effect this would 
have on in vitro DNA S3'nthesis. Low activity in 
the absence of template DNA, Mg**, or deoxyri- 
bonucleoside triphosphates indicates the need 
for these components (Table 3). 

Molecular weight estimation, (i) Sucrose 
gradient centrifugation. The approximate mo- 




FlG. 4, Effect of divalent cations on the DNA po- 
lymerase. DNA polymerase (0.02 U per assay) in the 
standard reaction mixture was used, except that the 
divalent cation concentration was varied as indi- 
cated. Symbols: O, activity in MgCiz, •, activity in 
MnCU. 
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Complete reaction mixture^ 
-DNA 

-dATP, dGTP, dCTP 

-dATP 

-dCTP 

-dCTP 



21 



° The complete reaction mixture contained in 125 
25 oiM Tris-hydrochloride (pH 8.0); 25 mM KCl; 
10 mM MgClj-, 1 mM 2-mercaptoethanol, 0.15 mM 
dATP, dCTP, dGTP, and PH]dTTP; 12.5 ^tg of calf 
thymus DNA; and 0.01 U of enzyme. 

- PHJdATP was used instead of ['H)dTTP. 




Fig. 5. Molecular weight determijiation by su- 
crose gradient centrifitgation. Fraction FV DNA po- 
lymerase (SO $d) andBSA (2.0 mg) were layered on, a 
S-ml linear suavse gradient of 6 to 20% and nm as 
described in the text. Fractions of 200 fd were col- 
lected and assayed for BSA by adsorbance at 280 nm 
(%) and DNA polymerase by catalytic activity (O). 



DISCUSSION 
A stable thermophilic DNA polymerase has 
been isolated and purified. The gel data indi- 
cate that the final sample, alUiough not homog- 
enous, represents a relatively pure fraction con- 
taining BSA. Attempts to remove the BSA from 
the enzyme sample were only partially success- 
ful and resulted in extensive loss of the cata- 
lytic a.ctivity of the DNA polymerase, a situa- 
tion which could have resulted from the low 
protein concentration of DNA polymerase after 
its separation from the BSA. The molecular 
weight of the enzyme has been estimated by 
sucrose gradient oentrifugation to be 68,000, 
and by gel filtration it was estimated to be 
approximately 68,000, two sets of data which 
are relatively close in agreement. Its size, in 
relation to the three DNA polymerases from£. 
coli, is relatively small, although a DNA po- 
lymerase from Bacillus sid>tilis has been iso- 
lated which has a molecular weight of 46,000 
(11). It should be pointed out that polymerase I 
from E. coli can be cleaved into two fr^agments 
by trypsin, one of molecular wei^t ot 76,000 
and the otiher of 34,000 (4). The large fragment 
retains the polymerase and 3'-»5' exonudease 
activities, whereas the small fragment appears 
to be responsible for the 5'-*3' exonudease ac- 
tivity. Thus, the question of whether the DNA 
polymerase isolated from T. aquaOcus repre- 
sents the native form of the enzyme in vivo or is 
a result proteolytic deavage during isolation 
cannot be answered at this time. The enzyme 
also appears different from the £. coli polymer- 
ases in that the final sanii>le (fraction IV) is free 
from single-sttanded exonudease activity. The 
enzyme, like mesophilic DNA pol37merases, re- 




FiG. 6. Estimation of the molecular weight of the 
DNA polymerase by gel filtration. A Sephadex G-IQO 
column was run and assayed as described in the text. 
The molecular weight of the DNA polymerase was 
determined in re^rence to the three standard pro- 
teins by the method of Andrews (in- 



quires all four deoxytibonucleos ide triphos- 
phates as weil as DNA and Mg** for good cata- 
lytic activity. Omission of any one unldieled 
deoxyiibonudeoeide tiipho^hate still gives ap- 
proximately 35% maximal incorporation. This 
amount is higher than tibose reported for most 
bacterial polymerases but is similar to certain 
mammalian DNA polymerases (26). The Incor- 
poration pro bably represents the addition of 
two or tht«e dTTPs to complementary ends. 

Hie most unique feature of this enzyme is its 
temperature optimum of WC, vidiidi is 15*<3 
higher than the optimal temperature reported 
for the DNA polymerase from Bacillus stearo- 
thermopkilus (27). In addition to the sdentiflc 
interest, this wide temperature range also pro- 
vides the possibility of using this enzyme in 
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gene synthesis in the form of a reverse tran- 
scriptase. Other DNA polymerases, such as po- 
lymerase I from E. coll, were shown under 
various experimental conditions to synthesize 
DNA by using ribonucleic acid (RNA) template 
(13). The DNA products of these DNA polymer- 
ases and the reverse transcriptases from tumor 
viruses appeared to have fallen short of comple- 
tion of the entire gene (3, 28-30). One possible 
explanation for this could be interference by the 
secondary and tertiary structure of the RNA 
template in the completion of the DNA product. 
With an enzyme such as a thermophilic DNA 
polymerase, which has a wide temperature 
range, one might be able to overcome some of 
these difficulties, since it is possible to melt out 
the secondaiy and tertiary structure of the 
RNA template at elevated temperatures. We 
are currently investigating the possibility of 
using certain purified RNAs as template for 
this enzyme. 
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A partial translation of Chromatin Esqperimental Method (Japan 

Scientific Society Press) (Uritani I. et al, Biochemical 
Experimental Method 22, page 175, line? to page 179, line28, November 
30, 1988) 

(ii) Interaction between DNA and protein 

There are employed a physicochemical method and a chemical 
method to analyze an interaction between DNA and histone in a 
nucleosome . The former includes a nuclear magnetic resonance method 
(NMR) , a thermal melting method, and the like. The latter includes 
a chemical modification method, a cross-linking method, a method 
using DNase, and the like. In addition, those methods are also used 
for analyzing an interaction between a nucleosome and a nonhistone 
protein, HMG. Regarding the structure of the nucleosome and the 
interaction between the DNA and histone, please also refer to other 
documents (Ohba, 1978; McGhee & Felsenfeld, 1980 a; Kornberg & Klug, 
1981; Ichimura et al., 1983; Zama et al., 1984). 
(a) Bond between DNA and histone 

The nucleosome is the basic unit structure of chromatin, and 
has a structure in which about 200 base pairs of DNAs sinistrorsely 
wind themselves in two rounds around the outside of a histone octamer 
formed of respective two molecules of H2A, H2B, H3, and H4, with 

one molecule of HI histone bonding with each of the site at a volute 
tongue and the site at a volute tail. The part in which 146 base 
pairs of DNAs wind themselves in 1.75 times around the histone octamer 
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is called a nucleosome core . The DNA linking core particles is called 
a linker. 

The nucleosome core DNA having 146 base pairs has 292 phosphate 
groups that are negatively charged. On the other hand, in the case 
of calf thymus, for example, the histone octamer has 220 basic amino 
acid residues (116 pieces of lysine and 104 pieces of arginine) , 
which are positively charged, and 74 acidic amino acid residues 
that are negatively charged. That is, the calf thymus has net 
positive charge corresponding to 146 (220 - 74 = 146) . In other 
words, the histone octamer has the positive charge that is sufficient 
for neutralizing exactly half of the negative charge possessed by 
the nucleosome core DNA. Accordingly, the above fact first leads 
to a presumption that electrostatic interaction is responsible for 
the bond between histone and the DNA. As the facts supporting the 
above-mentioned presumption, the following phenomena are, for 
example, given: (1) 0.6 M NaCl dissociates HI from DNA, 0.6 M or 
more NaCl dissociates H2A and H2B from DNA, and 1 M or more NaCl 
dissociates H3 and H4 from DNA (Ohlenbush et al., 1967; Burton et 
al., 1978; Ruiz-Carrillo & Jorcano, 1979); (2) DNA and histone are 
dissociated from each other at a pH of 2 or less; and (3) the bond 
between DNA and histone is stable in an organic solvent such as 
urea and ethanol (Olinsetal., 1977; Zama et al . , 1978 b). However, 
another interaction also cannot be disregarded. For example, in 
the presence of urea, histone is dissociated from the DNA at an 

2 
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extremely low salt concentration (0.2 or less NaCl) (Woodcock & 
Frado, 1977) . This shows that the urea contributes to loosen the 
structure of the histone octamer, with the result that the bond 
between the DISIA and the histone becomes weak. A hydrophobic 
interaction and a hydrogen bond dependent on a specific configuration 
may probably contribute. 

In a histone molecule, there is a distribution bias in the 
molecule of various amino acids , In the N- terminal and the C-terminal , 
particularly in one third of the N-terminal side of the molecule, 
the content rate of basic amino acids is high. In the part from 
the molecular center to the C-terminal side, hydrophobic amino acids 
and acidic amino acids are abundant. Therefore, the histonemolecule 
has an amino acid composition analogous to an ordinary spherical 
protein. The histone molecule has a random structure at both 
terminals reflecting its primary structure and forms a higher-order 
structure from the molecular center to the C-terminal. The 
higher-order structure parts of each histone interact with each 
other to form the histone octamer. Thus, the histone octamer can 
be roughly divided into a spherical structure part having abundant 
a helixes and a highly basic terminal chain (long N-terminal chain 
and short C-terminal chain) part having abundant basic amino acids 
and having the random structure. Intuitively, the terminal chain 
is probably a main bonding site of the bond between the DNA and 
histone. However, the following experiments demonstrate that the 

3 
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interaction between the spherical structure part of the histone 
octamer and the DNA is rather rigid.' (1) Even if an isolated 
nucleosome core is subjected to trypsin treatment to remove the 
histone terminal chain selectively, the histone stably bonds with 
DNA, and the "particle" structure is maintained (Grigoryev & 
Krasheninnikov, 1982). (2) Histone which is subjected to trypsin 
treatment to remove its terminal chain and untreated histone either 
are eluted from DNA at the same salt concentration as that for 
naturally occurring chromatin (Palter & Albert, 1979) . (3) An NMR 
method has shown that the bond between the histone terminal chain 
and DNA is weak (Gary et al., 1978; see Experimental Example 8). 
In addition, a basic amino acid treated with a chemical modification 
method has demonstrated that arginine residues in the spherical 
structure part of an histone octamer tightly bond with DNA (Ichimura 
et al., 1982; see Experimental Example 9). 

A lysine residue in the basic region in the N-terminal side 
of a core histone is acetylated depending on physiological conditions 
of cells. The acetylating reaction leads to disappearance of 
positive charge of an s-amino group in a side chain of the lysine 
residue, with the result that a little larger group is introduced. 
On the other hand, a butyric acid is a histone deacetylase inhibitor, 
and when nucleosome cores are isolated from cells cultured in a 
medium containing 5 to 10 mM butyric acids, hyperacetylated core 
particles can be obtained, the core particles having hyperacetylated 
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side chains of the lysine residue in the vicinity of the histone 
N-terminal in the core particles. Investigation of the structure 
and stability of the hyperacetylated core particles provides 
information about the interaction between the DNA and histone. 
Nuclear magnetic resonance method 

When a group of nuclei having a magnetic moment is placed in 
a static magnetic field, the nuclei are distributed to discrete 
energy levels by a nuclear Zeeman effect in accordance with magnitude 
of the magnetic moment and intensity of a magnetic field. When 
electromagnetic radiation corresponding to the distance between 
the energy levels is applied, resonance absorption is observed, 
which is a phenomenon called nuclear magnetic resonance (NMR) . For 
the measurement of the resonance absorption, a sweep method is 
generally used, in which one of frequency of the electromagnetic 
radiation applied and magnitude of the static magnetic field is 
fixed, and the other that is not fixed is continuously changed to 
record resonance points . However, a pulse Fourier transform method 
has recently been a main stream, in which a strong pulse magnetic 
field having a fixed frequency is given to satisfy a resonance 
condition simultaneously with respect to signals in a wide range, 
and the time response undergoes Fourier transform using a 
mini-computer to determine a normal frequency spectrum. Four 
parameters of an NMR spectrum, a position of an NMR absorption line 
(chemical shift), an area (intensity), a width, and splitting 
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provides information about the molecules to be investigated. The 
position reflects a state of presence of nuclei. The area is 
proportional to the number of nuclei in the same chemical environment . 
The width is widened as the degree of freedom of nuclear movement 
decreases. The splitting occurs by an interaction with a nuclear 
magnetic moment nearby. Regarding a general method of NMR and an 
experimental method of a protein and a nucleic acid, please refer 
to the documents (Arata, 1976; Sora, Kyogoku, 1977; Campbell &Dobson, 
1979) . 

Generally, the part having a random structure in a protein 
has higher mobility, with the result that resonant nuclei in the 
part give acute resonant signals. However, when the part gets contact 
to another molecule and is directly associated with structural 
formation, the mobility of the part is lowered, with the result 
that the resonant signals are widened. As described above, there 
is a bias in an amino acid sequence of a histone molecule. In the 
basic part in the both molecular terminals, there are many residues 
such as glycine, serine, and proline, in which a-helixes are rarely 
formed, in addition to the basic amino acids. On the other hand, 
in the nonpolar part in the molecular center, there are many aromatic 
acidic amino acid residues having a nonpolar property, which tend 
to form the a-helixes . Therefore, observation of the NMR can clarify 
the issue of what part of the polypeptide chain in histone is 
associated with the interaction between the histone and the histone 

6 
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and the interaction between the histone and the DNA. 

[Experimental Example 8] Analysis of interaction between DNA 
and histone by NMR method (Cary et al., 1978) 

Respective protons of amino acids in the basic part and the 
nonpolar part of hitone generate resonance lines on different 
positions. Using this characteristic, a dissociation process of 
a histone molecule from DNA with a salt concentration change was 
tracked by NMR, whereby the bond between DNA and histone was analyzed , 
A nucleosome core (3 to 5 mg/ml) prepared from calf thymus is dialyzed 
with a 10 mM phosphate buffer solution (pH of 6.5 to 7.0) . A sample 
solution for NMR measurement is dialyzed for 48 hours with 0.5 ml 
of D2O-I mM phosphate buffer solution (pH of 6,5)-NaCl. The same 
dialysis is repeated four times, and the sample solution is finally 
dialyzed with the same D2O buffer solution in 40-fold volume. The 
NMR measurement is performed using an apparatus of 270 MHz Fourier 
transform type. FIG. V-10 shows ^H-NMR spectrum of the nucleosome 
core measured under various salt concentrations (0 to 2 M NaCl) . 
The abscissa axis shows a chemical shift, in which the difference 
between resonance frequency of the proton peak as an object and 
that of the peak of sodium 2, 2-diraethyl-2-silapentane-5-sulfonate 
(OSS) as a standard substance is divided by the resonance frequency 
of the spectrometer, and the obtained value is multiplied by 10° 
to show the value by a ppm unit. The total area of the peak region 
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of the NMR spectrum (a) of the histone in a core particle decreases 
by 17 to 20% compared with that of the NMR spectrum (f ) of the histone 
that has been in the state of a random coil completely free from 
DNA in 2 M NaCl-8 M urea. The result shows that the formation of 
core particles leads to remarkable reduction in the degree of freedom 
of the histone molecular movement. In particular, the following 
phenomena _ were clearly observed: broadening of line width and 
decrease in the area of the peak region of 6CH2 (3.25 ppm) of arginine, 
aCHa (4.0 ppm) of glycine, and methyl groups (0.9 ppm or less) of 
nonpolar amino acid residues (leucine, isoleucine, and valine) . 
The above-mentioned observation shows that these residues relate 
to the bond with DNA. In the condition of 0.6 M or less NaCl (a 
to c) , a histone octamer bonds with DNA to form a core particle. 
Based on the NMR spectrum (f) of the histone in the state of random 
coil, the spectrum of the core particle (a to c) was analyzed. The 
analysis revealed the following: in the case of no addition of salt 
(a) , the N-terminal and C-terminal regions of H2A and H2B do not 
bond with the DNA in the core particle to forma random coil structure; 
and in the presence of 0.3 to 0.6 M NaCl (b, c) , the N-terminal 
regions of H3 and H4 do not bond with the DNA in the core particle 
additionally to form the random coil structure. On the other hand, 
with increase of NaCl concentration from 0 . 6 M to 2 . 0 M, the histone 
is dissociated from the DNA, with the result that the peaks 
(ring-curre.nt shifted peaks) appear in the region of 0 to 1 ppm 
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(c to e) , the peaks being related to aromatic amino acid residues 
contained in the nonpolar site in the histone molecular center. 
Simultaneously, the acute resonance spectrum of the aromatic amino 
acid residues is observed in the low magnetic field region (6 to 
10 ppm, not shown in FIG. V-10) with dissociation of histone. The 
difference between the spectrum (f) and spectrum (e) is owing, in 
the latter, to the effect of the formation of a complex that is 
conducted by each of histone molecules that have been dissociated 
from the DNA in 2 M NaCl. The above-mentioned facts clarify that 
in the interaction between the DNA and histone in the nucleosome 
core particle, the bond between the nonpolar site in the histone 
molecular chain and the DNA plays a major role. 
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FIG. V-10 Salt concentration dependence of 270 MHz -H-NMR spectrum 
(high magnetic field region) in nucleosome core particle (Gary et 
al., 1978) 

Solvent: 1 mM phosphate-DaO buffer solution (pH 6.5)-NaCl, NaCl 
concentration (M) : (a) 0, (b) 0.3, (c) 0.6, (d) 1.2, (e) 2.0. Spectrum 
(f) was measured in 2.0 M NaCl-8 M urea, (c) , (d) , and (e) include 
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spectra obtained by convolution difference in the region of 0 to 
1 ppm. 
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V-1 5? V^y-A^jg 175 
S^^W^tM^> H2B <D 40 feg^Pi'Vd^ H2A <D 26 ^t^p V v^^^^LTVV^ 

^;&^R:%7*'P-;^^Vi'ifJ-^OjSffcWS^TMxis & Forres^^^ 1975), 

(Feidman & Stollar, 1977), T y ^ - V ^ » b^^^^^-i^CMizon al^ 1974) 



(ii) DNA-^>/^^sraiffi5:ftffi 

^ DNA- 1 h vfel^gSlfP^ r o l^ -r ft^S (^^, 1978 : McGhee & Fel- 
senfeld, 1980 a ; Kornberg- & Klug, 1981;TUfte., 1983;ffir^^, 1984> 

a) DNA-tX h>TOi^g^ 

? ^' U':tV-AJt^ P.-^^V©^*#fir:S;gtr^f). ^ 200 DNA ;6?li^ h 

vH2A, H2B, H3, H4 #2i^i t>&5 t X b y/\^#:©^^£^tJC2#t 

y/Va^^Sl 146 m.mM<D DNA 1.75 M§-^isfc§|5^Ht5^i5'V^:^V~-^^7i!^}'£ 
h^. 3T;^i^f^^of£<' DNA V;^-ic^}^tt5. 

146 mmno y^^^ u^v~j.a7 dna ^t, 292m<Dv vm&(o:kn.n ^ ^- 
fzktim'>'>mmom'^> ^ v ^y/xMrnm^r ? / mmmo 220 ^ cue m<^ ^ 

5>y+i04 iioT^i-^^ V) oiEmMm^r 5 /m^^© 74 •f-fei^'bE 

^ 220-74=146 iiOETO^*.^. <>t tt;^ h vyVl:#:jsitt='T DNA 

«^r«mm5:f^^j5^*-f#;ie>HS. c:*t^»-t^*^i:b-C, DO.BMNaCl 
-r: HI, 0. 6m NaCI -eH2AiH2B, 1m U±(0 NaCi H 3 t H 4 DNA 

^='^>^^"f^ (Ohienbush al., 1967 ; Burton al, 1978 ; Ruiz-Carrillo & Jorcano, 
1979), 2) pH 2 UT-e DNA i t b Vft^ilrr 5, 3) S^^SV^Jt^iJf / 
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^ • V. i^^^^ymm(o^^m 

0^^mm.KM-LX\% DNA-ii;i^ b vmo^-^it^^X'^^ (OUns et al, 1977 ; Za- 

m^^^TXii DNA i}>,h<D^:^ h vo^^}^$L< C~0.2m NaCl) T'fe 

(Woodcock & Frado, 1977). ^hit, mm^'^':>X^:^ WA^i^omiti'-^-^ 
Isk, DNA t\^:^Y^ym(D^^im<n::^Z.f^mLX\,^:b. ^TKMEf^^^, #^ 

m^'^=F-(D N^5K^{iij 1/3 i*;^g^iT 5 ym-tWi'^M<, ^"F-^^m^b c-^mim^ 
(o^mm-^^^ih^^bh^rs 5^r<omm^> ^^yARi^fom-mm^^k dna 

<OmmFS<Olf^b*'''Z'l.h^mX'^:^Ck-kB-LXU^. 1) #ilL7i:5!^5'l'-^y-Arr 

Tif ^ P -fiyymmLX t h •^^^'SrBS^<j}ti t)^v^t:%, b ;^ h y (t^^fc 
DNA km^U "U^" Mi^'it^fzHXX,^^ (Grigoryev & Krashetiinnikov, 1982). 

2) h y 7' vMrnVX^mm-km^^t:: t x h y % ^ ;^ h v % , ^^^(D ^ B ^ 
'^iil^CS-^gS-C DNA ;&^^^^L-i:< S (Palter & Albert, 1979). 3) NMRgri 
p. hv^^iif^i DNA (Dm^\t^^^-t: kA-T^-^Hfc (Gary c/., 1978, mm. 

7^'^^^'ym^k DNA dtj^<^^tt:v-5ti;S*»^$^xfc' (Ichimura 1982, g| 

mmK.■^-<^,^,iz^n:i^Ji^-■:fi!>mX•^i^^^k}icniZ. -Tj, iSMiit;^ hyy^T-fe^ 

7— fopiS^jTio-e, 5~iomM ©^^^-ttf^Sfe-e^L^md^ib ? ^ y -a 

r 1j#^-t ^k, = T^jfO b ;^ h y N-^^J£^o l) i> v^^iglJ^dtiSV^iH^-eT 
-blF-Mb§itfc (hyperacetylation), ii7-fe^/i"ffc a T^^;&t||^4t:5,. ;57^^^^^^t 
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y K.^\,^x<Dmmtmh^^. m^imo^^^m^m-r^- mmit-nut^^sm^^^ 
< y V ko3iistm-c'^^^' ^y-''^Misi,v^mm<Di^MRi-m mmmKMi^xifx 

j\ m (Mm, 1976; f^, :ff:m, 1977 ; Campbell & Dobson,-'l979) ^#m*^tfc^^ 

1^ -Igjc, ;jry.<i?go5 y^A^B<D^;^)"J:i»^-^-f»'^ (mobility dtj^VO ^-C', ^ 

f' ' xm^rM'^m^m^-i-^ t, m^^-^< < f£^ (mobility m&<f£^:> ®tr, *?i'>;5^ 

^W5!?^©^£aS!5^fc'/3:, SSfeT ^ i i % r ^ y --^^ ^ ^ ^ ^-^^^ ^' 

C^^0ij 8D NMR ^frrj:^ DNA-tX h >FB^^5f^^CD^*f (Gary «i al., 1978) 

[, t X h vo^SfefJ^t Wfea5^©T '.JmO-P^r^V yi%M^(^m:K^W^±t 

f 5. iicDfes^fijffii-t, ^i^mmtK::^ t ^ b v^?o DNA fi^hommMm-^ 
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! 

178 V. ^^^f-v.jtS®^lTg 




5 4 3 2 1 0 ^ 
5 (ppm) 

^ V-10 51 ^ V Pi- y - A n TJ^^iD 270 MHz ^H-NMR 

ei al, 1978) 

: ImM V v^-DjO ^W^k (pH 6. 5)-NaCl, NaCl 
mm(fiO-C^')0, (b) 0-3,' (c) 0.6, (d) 1.2, (e) 
2.0. ^'<^ h/i- (i) it 2.0m NaCl-8M E^4't:«L 
fc. (c), (d), (e) 5Cft, 0~lppm oM^i'C;:^-^;? b 
/I'Jg^ '(convolution difference) i)ni^7s-<^ b 
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V-1 j(i'U±y-Amm 179 
bMWihfcy'^ V^J-y-A^T (3~5nig/ml) ^ lOiriK V v^^®?g (pH 6.5~7.0) 
r^L2|#f^S. NMR WmmWMm-^ O.Sml o D,0-lmM 5 v^W^ CpH 6.5)- 
NaCl rML 48 I^f^;g|?f1^?.. U'Cm^^ A "0 MM:^ 40 f^^fiOi^l-O 

D2O mWMKni.m'^i--^. nmr go^a 270MHz ^-v^ar^Mo^gtr^fr-^fc. 

®Y-10 '/CS^O^^g C0~2h NaCl) TtrSi^ L 3^ ^ V - A TO ^H-NMR 

^^V2->'7-<y^ >'-5->'/i-*v^:^ h y (DSS) O f-^^o^U^nliSSdiSiO^^^ 
^b^w^H^ 10* -fgL-C Ppm > o -Cg-f. ^TJfi^ 

430 t;^ h-^O NMR b/i- (a) O f-:i'li^O:feia.ffi}t, 2m NaCl-8M W^^-^ 

t? DNA i>^h%±^mM\.fc7'y^J-^^ f'-'i^m^ft^fz^^::^ t- v<D NMR t- 
ji- (f) o^KiltiiLt 17~20^ rj^iJ^-tS. iiJir i 0, ="T|^^?^^r#>.>t 
^ r V:^)-^OjiS5oii^*t«.t<M-?>-i;&>?7^»^. #f-> SCHa (:3.25 

ppm), ify->V<0 ciQliz (4.0ppm) 5» J: ?>* M & T 5 /WB"^ («= 'f -^'A ^ V p ^ 
^>v, x<!Jy) co^^^^^^^^-7' (~0.9ppm) i|^iiiIOJ!S3&^ >? i sJ^^j^cOSifOMi!^ 

NaCl iUT (a~c) -Ci^V:;^ h vAS#Jt DNA i.^'g-LT^ Tfli^^T^jS L "C ?>. 
9 y = ^ /^':l:it,t§r?i: -p b f NMR b ( f ) trS^r L T, = 

^O;^-^^ h/'- Ca~c) %^;fjfLfc. rs.t)P^'^f£v^> t (a) ?-t H2A > H2B O N- 
^-ilK C--*^i^Mj^»t, tfz, 0. 3-0, 6m NaCl :r:£T -Cb, c) t:-'/t^^ H 3, H4 

o N-^^i^|M^»s T|5^4't:' DNA t^^^-f^ V ^' A-^ ^ /I'-m^^ oti^^ 

iLtt^^fs^^fc. -yj, 0.6m 2.0 m ir. NaCl ^tj^-^if ~t > ,. t ;^ r v oMm^^rf 

(ring-current shifted peaks) ;5t, 0~lppra 1M^JC||Tt-C < S Cc~e), lSU:<5f^:^ 
T 5 /mBMom^'^^^^^ h v<D^^r#otl£^^Mi^ (6~10ppm, 

mY-m r^tS^LtfevO Ti'^^^ix?). ^-^iJ' h/^ (f) t (e) o^v^ft, ^^-et3: 

2m NaCi DNA A»feM^LfcUX h v^^±i}m-^W^mmLX\,-^^^KXZ. 
U±i>^ b> 5J !/;^- y - A 3 Tm.=f^O DNA- u ;^ b vmmE'l^^K.-^^'-hx, t a h 
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